Background: Current health care costs are unsustainable, with a large percentage of waste attributed to doctor practices. Medical educators are developing curricula to address value-based care (VBC) in education. There is, however, a paucity of curricula and assessments addressing levels higher than 'knows' at the base of Miller's pyramid of assessment. Our objective was to: (1) teach residents the principles of VBC using active learning strategies; and (2) develop and pilot a tool to assess residents' ability to apply principles of VBC at the higher level of 'knows how' on Miller's pyramid.
Methods:
Residents in medicine, medicine-paediatrics and medicine-dermatology participated in a 5-week VBC morning report curriculum using active learning techniques. Early sessions targeted knowledge and later sessions emphasised the application of VBC principles. Results: Thirty residents attended at least one session and completed both pre-and post-intervention tests, using a newly developed case-based assessment tool featuring a 'waste score' balanced with 'standard of care' . Residents, on average, reduced their waste score from pre-intervention to post-intervention [mean 8.8 (SD 6.3) versus mean 4.7 (SD 4.6), p = 0.001]. For those who reduced their waste score, most maintained or improved their standard of care. Discussion: Our results suggest that residents may be able to decrease health care waste, with the majority maintaining or improving their management of care in a case-based assessment after participation in the curriculum. We are working to further incorporate VBC principles into more morning reports, and to develop further interventions and assessments to evaluate our residents at higher levels on Miller's pyramid of assessment.
Medical educators are developing curricula to address valuebased care in education INTRODUCTION
R ising health care spending, with up to 30% being waste, has led to the advent of value-based care (VBC). 1, 2 Valuebased care is the intricate balance between selecting interventions of high clinical yield and quality while eliminating those of low quality or high cost, which contribute to health care waste. 3 In July 2012, the American College of Physicians and the Association of Academic Internal Medicine created a high-value care curriculum for doctors in training. 2 Additionally, the Choosing Wisely campaign provides educational tools for doctors and patients to challenge health care workers to eliminate costly interventions of low clinical benefit. 4 Training programmes nationwide have begun implementing VBC curricula, with most published descriptions reporting one-time educational interventions or limited assessments of changes in the learner's knowledge or self-reported changes in attitudes and awareness of cost, which sit at the 'knows' level and base of Miller's pyramid of assessment. 5, 6 When ascending Miller's pyramid to 'knows how', 'shows how' and 'does', studies become more limited. Recent studies have assessed trainees at the top of Miller's pyramid ('does'), examining changes in ordering practices and cost following VBC interventions; 7, 8 however, assessment at the 'does' level does not isolate trainees' decision making from factors affecting actual orders, such as the attending physicians' practices. Assessment at the 'knows how' level, assessing the application of knowledge, is therefore important to understanding the extent to which residents understand and can apply the principles of VBC.
Previously, we found an increase in residents' self-reported knowledge of costs and increased likelihood to practice VBC following a single morning report (MR) incorporating cost-of-care information, with residents 'paying' for a diagnostic evaluation. 5 Based on this initial success, we developed a more robust multi-session VBC MR curriculum and an assessment at the higher 'knows how' level, with the following goals: (1) to teach residents principles of VBC using active learning strategies; and (2) to develop and pilot an assessment of residents' ability to apply principles of VBC using simulated written clinical cases to evaluate the effectiveness of the curriculum.
METHODS
During fall (autumn) 2013, we offered a five-session VBC MR curriculum to all medicine, medicine-paediatrics and medicinedermatology residents at the University of Minnesota. These were held weekly and presented by the same faculty member (JBP) during the regularly scheduled MR time at the three hospitals associated with the training programme. The MR curriculum is one part of a larger three-part curriculum in VBC, with core lectures bi-monthly and with the incorporation of VBC concepts into department-wide morbidity and mortality conferences.
The MR curriculum used actual patient cases to simulate VBC in the context of medical decision making. Initial sessions focused on foundational knowledge and comprehension, with later sessions focused on higher-level processes of application, analysis and synthesis (Figure 1) . 9 The MR sessions were designed to coincide with the core VBC lecture on reducing waste.
We used active learning techniques, incorporating audience response systems, debates and gamification, or game playing, in educational settings. The first session provided a refresher on costs of testing, followed by a second session demonstrating health care waste. We then used a debate format to assess the benefits and risks of a particular test. We also included a session on selecting 'correct' testing, focusing on when a costly intervention may be appropriate. The final session returned to teaching cost within the framework of an appropriate clinical evaluation.
We developed a five-question written case-based assessment, designed to assess residents' application of VBC principles in the context of clinical standards of care (SOC), which were determined by two authors (BD and AD) using evidence-based guidelines (Appendix S1; Table 1 ). The questions were created by one author (JBP), and then reviewed and substantively revised for content, accuracy and clarity by a group of educational faculty members with expertise in assessment and VBC. The questions were piloted with nine chief residents and further refined for clarity.
To measure residents' application of VBC principles, two authors (BD and AD) created a 'waste score' (WS; Table 2), with a scoring key for each question assigning more points to high-cost, high-risk interventions of low clinical value, fewer points to low-cost, low-risk with low clinical value, and zero points for no cost and the appropriate SOC options.
The assessment was disseminated electronically before and after the 5-week curriculum. Matched-pairs Student's t-tests were conducted to determine the change in residents' WS from pre-to post-intervention test. For the residents who reduced their WS from pre-to post-intervention test, or had a WS of zero in both tests, we calculated the All statistical tests were considered significant at the level of p < 0.05. Data analysis was conducted using spss 19 (IBM Corps, Somers, NY, USA). The University of Minnesota Institutional Review Board approved this study.
RESULTS
Thirty-six of 142 eligible residents (25.3%) completed both the pre-and the postintervention test, with 30 (21.1%) attending at least one MR session (for study flow and demographics, see Figure 2 ). For the 30 residents who attended at least one session, there was a significant reduction in the WS for questions 1, 3 and 4, and in the total score from pre-to post-intervention test (Table 3 ). There was no significant difference from preto post-intervention test in total WS between Postgraduate Year 1 (PGY1) and PGY2-4 residents [mean difference -3.8 (SD 6.2) versus mean difference -4.4 (SD 6.6); p = 0.79]. We found a larger decrease in total WS, although not statistically significant, for residents attending three or more sessions compared with those attending one or two sessions [mean difference -5. A review of residents' SOC showed that for those who reduced their WS from pre-to post-intervention test, the majority maintained or improved their management of care from pre-to post-intervention test, ranging from 60% (18/30) of residents for question 5 to 96% (24/25) for question 3 (Table 3 ).
In the post-intervention evaluation, residents also expressed interest in future participation in similar activities (mean 4.2/5.0). Representative resident comments included that sessions were 'useful' and 'fun', and noted that VBC is 'an important conversation to be having' and 'something we should all be thinking about' . This contrasts with an earlier study that found residents spent less in a simulated case when provided with cost information, but performed a less appropriate diagnostic evaluation. 10 Overall, the pre-intervention test WS values were low, with few residents selecting the higher risk and costlier interventions. This is likely to reflect the residents' overall understanding of VBC principles from the broader VBC curriculum and their familiarity with Choosing Wisely recommendations, such as imaging for acute low back pain used in the assessment. 4 This suggests more novel clinical scenarios are needed in future iterations of the assessment as well as assessments at the 'does' level to determine whether knowledge translates into practice. The small improvements we found for most questions could translate to critical health care savings, such as the reduction in ordering daily laboratory testing for the clinically stable patient described in question 1.
The use of a WS also presents some challenges for the future development of the assessment. For example, question 5, which assesses the VBC principle of ordering an expensive intervention when it is of high clinical value, in this case genetic testing or counselling for a patient at high risk for breast cancer, is not well measured by WS; what is of greater interest is residents' selection of the expensive intervention, which is considered part of the SOC. Our curriculum was also implemented during the release of new breast cancer screening guidelines by advisory organisations, which made determinations about the SOC difficult, and possibly contributed to the lower percentage of residents maintaining or improving their SOC for this question.
We undertook steps in gathering initial validity evidence for the assessment with review of the clinical scenarios and questions by local VBC experts. Further review of the WS and SOC by external experts in VBC is needed. A validation study such as known groups validation comparing novices and experts would be an important next step.
This study has several limitations. It took place at a single institution and residency programme with a small sample size, which may limit the generalisability of our findings. The small sample size is partially the result of the attrition rate in the study, with some residents only taking one of the two assessments. Also, although attendance is strongly encouraged, low MR attendance is a systemic issue given competing clinical demands. The residents' participation in a mandatory core lecture on decreasing waste that coincided with the MR curriculum may have contributed to our results. Our observation that residents who attended three or more sessions had greater reductions in their WS, although not statistically significant, than those who attended one or two sessions, suggests that the MR curriculum may have an impact beyond the broader curriculum. Further studies are needed with A validation study...would be an important next step the core lecture held after the completion of MR sessions and pre-and post-intervention tests, thereby eliminating the lecture as a confounding factor. Finally, as the same assessment was used for both pre-and postintervention tests, it is possible that changes in WS are the result of practice effects, i.e. learning from taking the test rather than from the curriculum; however, participants were not given their scores or answers until the post-intervention test was completed.
Our results suggest that residents may be able to decrease health care costs while maintaining or improving their management of care after participation in this novel and interactive curriculum, which includes five different sessions with varying formats, making it easily adaptable to other programmes. Next steps have included the incorporation of VBC principles into the residency curriculum and a progression up Miller's pyramid of assessment, 6 with the evaluation of our residents at the 'shows how' level through VBC communication with standardised patients, and at the 'does' level through participation in practice audits of VBC in hospital-based care.
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